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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

CUSTOM HOUSE- 2D & CHESTNUT STREETS

PHILADELPHIA. PENNSYLVANIA 19106

NARYRPEN TO

LEVE.17 FEB i o

Honorable Pierre S. DuPont
Governor of Delaware
Dover, Delaware 19901 T C

~J)

Dear Governor DuPont: 0
Inclosed is the Phase I Inspection Report for Lake Como Dam in Kent County,
Delaware which has been prepared under authorization of the Dam Inspection
Act, Public Law 92-367. A brief assessment of the dam's condition is given
in the front of the report.

Based on visual inspection, available records, calculations and past opera-
ti6nal performance, Lake Como Dam, a significant hazard potential structure,
is judged to be in poor overall condition. Also, the spillway is considered
inadequate since nine percent of the Spillway Design Flood (SDF) would cause
the dam to be overtopped. (The SDF, in this instance, is one-half of the
Probable Maximum Flood.) The dam's stability is considered questionable by
personnel (Consulting Engineer's Staff, State and Federal Engineers) who
inspected this structure. To ensure adequacy of the structure, the follow-
ing actions, as a minimum are recommended:

a. Within thirty days from the date of approval of this report, the
following remedial actions should be initiated:

(I) Ownership of and maintenance responsibility for the dam should
be clarified.

(2) A registered professional engineer experienced in the design and
construction of dams should be engaged by the owner to:

(a) Perform more detailed hydrologic and hydraulic analysis to
determine what measures are required to provide adequate spillway discharge
capacity and/or to protect the embankment from overtopping.
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N APEN-N
Honorable Pierre S. Dupont

(b) Design* and supervise construction of repairs to the existing
embankment section.

(c) Design and supervise the construction of erosin protection
for the upstream and downstream slopes of the dam and outlet channel.

(d) Provide guidance to the owner for removal of the trees and
utility poles from the embankment and the backfilling of voids with suit-
able, thoroughly compacted material.

(e) Provide guidance to the owner for removal of the water and
gas lines froim the dam and their relocation.

b. The owner should maintain the reservoir elevation 3 feet below the
spillway crest until permanent repairs are completed.

c. Continuous monitoring of reservoir levels during periods of heavy
precipitation should be undertaken until permanent repairs are completed.

d. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the reconstructed facilities, with-
in one year from the date of their completion.

e. An emergency action plan should be developed which outlines actions
to be taken by the Owner to minimize the downstream effects of an emergency
at the dam within six months from the date of approvel of this report.

A copy of the report is being furnished to Mr. John E. Wilson III, Delaware
Department of Natural Resources and Environmental Control, the designated
State Office contact for this Program. Within five days of the date of this
letter, a copy will also be sent to Congressman Thomas B. Evans. Under the
provisions of the Freedom of Information Act, the inspection report will be
subject to release by this office, upon request, thirty days after the date
of this letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia, 22161 at a reasonable
cost. Please allow four to six weeks from the date of this letter for NTIS
to have copies of the report available.

aw". . dam



NAPN-N
Honorable Pierre S. Dupont

An important aspect of the Dam Inspection Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to imple-
ment our recoimuendatirns.

Sincerely,

1 Incl JAMES G. TON
As stated Colonel, Corps of Engineers

District Engineer

Copies Furnished:
Mr. John E. Wilson III, Acting Secretary
Department of Natural Resources and
Environmental Control
Edward Tatnall B!dg.
Dover, DE 19901

Mr. Melvin H. Koster, Acting Director
Division of Soil & Water Conservation
Department of Natural Resources and
Environmental Control

Dover, DE 19901
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LAKE COMO DAM (DE00028)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 12 August 1980 by Corps and State personnel and by
O'Brien and Gere Engineers, Inc., under contract to the U.S. Army Engineer
Distict, Philadelphia, in accordance with the National Dam Inspection Act,
Public Law 92-367.

The inspection of Lake Como Damn was requested by the State of Delaware in
response to its overtopping on 29 July 1980. As a result of this inspec-
tion, Lake Como Dam, is judged to be in an UNSAFE, non-emergency condition
until corrective measures are completed. This condition, erosion and par-
tial failure of the downstream half of the embankment and the east outlet
channel slope, if left uncorrected, could result in complete failure of the
damn and further property damage. Until further study could determine the
full extent of the problem and possible permanent corrective actions, imme-
diate remedial recommendations were made to preclude further property dam-
age. The Governor and his representative and the Delaware Division of High-

* ways were notified of this condition and the recommended immediate remedial
* actions by telegram on 19 August 1980. (Also, a teletype report was submit-

ted to the U.S. Army Engineer Division, North Atlantic, on 29 July 1980.)
The representative of the town of Smyrna indicated, that the lake will be
maintained in a drawn down condition until correctivefeasure' are completed.

Lake Como Dam, a significant hazard potential structure,, is judged to be in
poor overall condition. Also, the spillway is considered inadequate since
nine percent of the Spillway Design Flood CSDF) would cause the darn to be

N overtopped. (The SDF, in this instance, is one-half of the Probable Maximum
Flood.) The dam's stability is considered questionable by personnel (Con-
sulting Engineer's Staff, State and Federal Engineers) who inspected this
structure. To ensure adequacy of the structure, the following actions, as a
minimum are recommended:

a. Within thirty days from the date of approval of this report, the
following remedial actions should be initiated:

(1) Ownership of and maintenance responsibility for the dam should
be clarified.

(2) A registered professional engineer experienced in the design and
construction of dams should be engaged by the oirner to:

(a) Perform more detailed hydrologic and hydraulic analysis to
determine what measures are required to provide adequate spillway discharge
capacity and/or to protect the embankment from overtopping.



(b) Design and supervise construction of repairs to the existing
embankment section.

(c) Design- and supervise the construction of erosin protection
for the upstream and downstream slopes of the dam and outlet channel.

(d) Provide guidance to the owner for removal of the trees and
utility poles from the embankment and the backfilling of voids with suit-
able, thoroughly compacted material.

(e) Provide guidance to the owner for removal of the water and
gas lines from the dam and their relocation.

b. The owner should maintain the reservoir elevation 3 feet below the
spillway crest until permanent repairs are completed.

c. Continuous monitoring of reservoir levels during periods of heavy
precipitation should be undertaken until permanent repairs are completed.

d. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the reconstructed facilities, with-
in une year from Lhe date of their completion.

e. An emergency action plan should be developed which outlines actions
to be taken by the Owner to minimize the downstream effects of an emergency
at the dam within six months from the date of approvel of this report.

APPROVEDK-
,JAMES S>T
Colonel, Corps of Engineers
District Engineer

DATE: / .7 /Ys'/

L _ _ _ _ _ __-_ _ _ _ __ _ _
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DELAWARE RIVER BASIN

NAME OF DAM: LAKE COMO DAM
COUNTY AND STATE: KENT, DELAWARE

INVENTORY NUMBER: DE00028

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Prepared by:
O'BRIEN & GERE ENGINEERS, INC.

For

DEPARTMENT OF THE ARMY
Philadelphia District, Corps of Engineers
Custom House - 2nd & Chestnut Streets

Philadelphia, Pennsylvania 19106



PREFACE

This report is prepared under guidance containud in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to identify expeditiously those
dams which may pose hazards to human life or property. The assessment of the
general condition of the darn is based upon available data and visual inspections.
Detailed investigation, and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are beyond the scope
of a Phase I Investigation; however, the investigation is intended to identify any
need for such studies.

In reviewing this report, it shodld be realized that the reported condition of
the dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. It is important to note that the
condition of a dam depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent the condition of the
dam at some point in the future. Only through continued care and inspection can
there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the Spillway Test
flood is based on the estimated "Probable Maximum Flood" for the region (greatest
reasonable possible storm runoff), or fractions thereof. The test flood provides a
measure of relative spillway capacity and serves as an aid in determining the need
for more detailed hydrologic and hydraulic studies, considering the size of the dam,
its general condition and the downstream damage potential.



PHASE I ,LPURT

NATIUNAL DAM INSPEC I ION PUGRAM

Name of Dam: Lake Corno Dam ID#DE00028
State Located: Delaware
County Located: Kent
Stream: Mill Creek
Coordinates: Latitude 390 17.8', Longitude 750 36'
Date of Inspection: August 12, 1980

ASSLSSMENT

Based on visual observations made during the inspection (which followed
overtopping and partial failure of the darn on July 29, 1980), information provided by
the Town of Smyrna, and conversations with town officials, Lake Coirno Dam is
considered to be in poor overall condition.

The dam is an earth embankment approximately 240 feet long with a maximuum
height of about 12 feet. The top width of the darn is about 60 feet and the upstream
and downstream slopes are relatively steep. The spillway consists of five circular
drop inlets, each with a diameter of 27 inches, which provide about 3 feet of
freeboard between the spillway crest and the top of the dam.

The downstream half of the embankment eroded away by as much as five feet
wh-en the dam was overtopped on July 29, 1980. One section of the failure zone
extends nearly through the embankment and has been backfilled with sandbags. A
large section of the east outlet channel slope was also eroded away. A ruptured gas
line and a water main were exposed in the erosion zone. Small trees were growing
on the embankment and utility poles have been installed on the dam.

The selected Spillway Design Flood (SU)F) for this "Small" size, "Significant"
hazard darn is one-half of the Probable MaxiMrum Flood (PMF). Fxamination of the
results of the hydrologic and hydraulic analyses indicates that the spillway is
capable of discharging approximately 8 percent of the SLF prior to overtopping of
the embankment. Failure of the dam would cause appreciable property damage
downstream. Therefore, the spillway is classified as "Inadequate", and the dam is
classified as "Unsafe, non-emergency".

Recomnendations and remedial measures which should be initiated immedi-
ately are as follows:

a. Facilities

1. Ownership and maintenance responsibility for the dam should be
clarified.

ii|



A registered professional engineer experienced in the design and construction
of dams should be engaged to:

1. Perform detailed hydrologic and hydraulic analyses to determine what
measures are required to provide adequate spillway discharge capacity
and/or to protect the embankment from overtopping.

2. Design and supervise construction of repairs to the existing embank-
ment section.

3. Design and supervise the construction of erosion protection for the
upstream and downstream slopes of the dam and outlet channel.

4. Provide guidance to the Owner for the removal of trees and utility
poles from the embankment and backfilling of voids with suitable,
thoroughly compacted material.

5. Provide guidance to the Owner for the removal of water and gas lines

from the dam and their relocation.

b. Operation and Maintenance Procedures

1. The Owner should maintain the reservoir elevation 3 feet below the
spillway crest until permanent repairs are completed.

2. Continuous monitoring of reservoir levels during periods of heavy
precipitation should be underaken until permanent repairs are completed.

3. The Owner should employ a professional engineer experienced in
operation and maintanance of darns to develop written operating
procedures and a periodic maintenance plan to insure the safety of the
reconstructed facilities.

4. An emergency action plan should be developed which outlines actions
to be taken by the Owner to minimize the downstream effects of an
emergency.

<& ~~ ~~t~-2 Date:2- J 3  ,'7
'hrc9 ms .

iceFsn /
- el , n' o 2884

:40 zs -_
No. 2884
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UPSTREAM OVERVIEW LOOKING TOWARDS LEFT ABUTMENT
(8/12/80)

DOWNSTREAM OVERVIEW SHOWING FAILURE ZONE AND SPILL-
WAY OUTLET CONDUIT HEADWALL.

(8/12/80)
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PHASE I INSPECTION REPORT

NATIONAL DAM INSP'ECTION PROGRAM

LAKE COMO DAM

INVENTORY NUMBER - DE 00028

SECTION 1

PROJECT INFORMATION

1.1 General

a. Authority. This report is authorized by the Dam Inspection Act, Public
Law 92-367, and has been prepared in accordance with contract #DACW 61-80-D-
0013 between O'Brien & Gere Engineers, Inc. and the United States Army Corps of
Engineers, Philadelphia District.

b. Purpose of Inspection. The purpose of this inspection is to evaluate the
structural and hydraulic condition of Lake Como Dam and appurtenant structures
and to determine if the dam constitutes a hazard to human life or property.

1.2 Project Description (Based on information supplied by the Town of Smyrna,
DE and supplemented by field observations.)

a. Description of Dam and Appurtenances. The following is a general
description of the darn and appurtenances prior to its overtopping and partial failure
on July 29, 1980. A detailed description of the structure after this event is given in
Section 3, Visual Inspection. Lake Como Dam is an earth embankment approxi-
mately 240 feet long with a maximum height of about 12 feet. The top width of the
embankment is about 60 feet and the upstream and downstream slopes are variable,
ranging between 2H:1V and 1H:1V. A 30 feet wide asphalt concrete paved street is
located along the entire embankment length.

The spillway consists of five 27-inch diameter concrete drop inlets provided
with anti-vortex devices. Each drop inlet is connected to a 36-inch diameter
reinforced concrete outlet pipe which terminates at a headwall at the downstream
toe of the embankment. The outlet works consist of hand operated sluice gates
situated upstream of two drop inlet structures. Access to the gate operators is
across a timber bridge.

b. Location. Lake Como Dam is located on Mill Creek in the City of
Smyrna, Delaware. The site is shown on USGS Quadrangle entitled "Smyrna, Del."
at coordinates N390 17.8', W75 0 36'. A regional location map of Lake Como Dam is
included as Figure 1 in Appendix E.

c. Size Classification. Lake Com- Dam has a maximum height of 12 feet
which places it in the "Small" size dam category since it is less than 40 feet high.



The maximum storage capacity of 312 acre-feet also places the structure within the
"Small" size classification (less than 1,000 acre-feet). Lake Como Dam is therefore
classified as a "Small" size dam.

d. Hazard Classification. A reinforced concrete bridge supporting U.S.
Route 13 spans Mill Creek about 110 feet downstream of Lake Como Dam. Both the
bridge deck and highway approach elevations are at or near the existing dam crest
elevation. A restaurant is located adjacent to the right bank of Mill Creek between
the dam and the highway bridge. The ground floor elevation of the restaurant is at
the existing dam crest elevation. A sewage pumping station and treatment plant are
located immediately downstream of the highway bridge within the potential
floodplain. Since failure of the dam could result in appreciable property damage,
Lake Como Dam is classified in the "Significant" hazard potential category.

e. Ownership. The owner of Lake Como Dam is unknown. According to Mr.
Dean Phillips, Assistant Manager, Town of Smyrna, the Town has no record of
ownership on file at their offices.

f. Purpose of Dam. The dam is used for recreation only.

g. Design and Construction History. Information is unavailable concerning
the original design and construction of the dam. The only drawings made available
for this report were those prepared by J.E. Haddaway Engineer dated March, 1941
which were prepared for reconstruction of the dam after its failure in 1940. The
original date of construction is unknown.

I. Normal Operating Procedures. Records of operating procedures are
unavailable for this site.

1.3 Pertinent Data

a. Drainage Area.

Square Miles 6.8

b. Discharge at Dam Site (cfs).

Spillway Capacity 184

c. Elevation (Feet above MSL).

Spillway Crest (Normal Pool) 14.6
Top of Dam (Maximum Pool) 17.6
Streambed at Downstream Toe of Dam 6.0

d. Reservoir Length (Feet).

Normal Pool 4,400
Maximum Pool 6,000

-2 -



e. Storage (Acre-Feet).

Normal Pool 138
Maximum Pool 312

f. Reservoir Surface Area (Acres).

Normal Pool 46
Maximum Pool 71

g. Dam Data.

Type Earth
Length 240 Feet
Height 12 Feet
Top Width 60 Feet
Side Slopes (Upstream and Downstream) Variable, 1H:1V Steepest
Zoning None
Impervious Core None
Cutoff None
Grout Curtain None

h. Spillway.

Type 5 Circular Drop Inlets
Crest Diameter 27 Inches
Crest Elevation 14.6
Outlet Diameter 36 Inches
Outlet Invert Elevation 6.0
Gates None
Upstream Channel None
Downstream Channel Trapezoidal concrete and brick-lined

channel to R/C bridge to Mill Creek

i. Outlet Works.

Type 2-36 inch diameter concrete pipes
Length 90 Feet
Closure 36?"x44It sluice gates
Access Timber-decked bridge
Regulating Facility Hand-operated rising stems

-3-



SECTION 2

ENGINEERING DATA

2.1 Design.

a. Data Available. Information available for review is limited to drawings
entitled "DROP INLET SPILLWAY, LAKE COMO" sheets 1 and 2, dated March, 1941
by J.E. Haddaway Engineer. No design data is available for this structure.

b. Design Features. The principal design features for this structure are
discussed in Section 1.2a.

2.2 Construction.

Information is unavailable relative to the original construction or reconstruc-
tion of Lake Como Dam in 1941.

2.3 Operation.

No operational data is available for this site.

2.4 Evaluation.

a. Availability. All information made available was provided by the Town
of Smyrna.

b. Adequacy. The information made available by the Town of Smyrna,
conversations with city officials and observations made during the field investiga-
tions provided adequate data for a Phase 1 evaluation.

c. Validity. The drawings prepared by J.E. Haddaway Engineer are not a
valid representation of the present structure. Refer to Section 1.2a for a
description of the dam and appurtenances.

4
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The field inspection of Lake Como Dam took place on August
12, 1980. At the time of inspection, the reservoir water surface was approximately
15 inches below the spillway crest elevation. No underwater areas were inspected.
The observations and comments of the field inspection team are in the checklist
which is Appendix B of this report. The emabnkment had experienced overtopping
and partial failure on July 29, 19BO.

b. Dam. The overtopping which occured on July 29, 1980, resulted in erosion of
about five feet of the downstream half of the embankment. Large sections of the
40-foot wide concrete and asphalt street paving within the failure zone had
collapsed and were lying on the embankment fill. The entire downstream slope had
been eroded away. One section of the failure zone near the right abutment
extended almost to the crest of the upstream slope and was backfilled with
sandbags. A six-inch water main and ruptured four-inch diameter gas line were
exposed within the dam failure zone. The upstream slope was not damaged even
though it is unprotected by riprap or other slope protection. The embankment crest
upstream of the street is grass covered except for a sidewalk. Two trees with trunk
diameters of about six inches were growing on the dam crest. Two power utility
poles have been installed in the dam crest upstream of the sidewalk. No seepage
was observed flowing from the failure zone.

c. Appurtenant Structures. The five circular concrete drop inlets, the
wooden access bridge and gate operators for the low-level outlet works were not
damaged during the overtopping failure. The outlet conduits and headwall down-
stream of the dam were in fair condition. The operators for the low-level outlets
were in serviceable condition and were being used to lower the reservoir level. The
deck elevation of the access bridge is about 18 inches below the dam crest
elevation.

d. Reservoir Area. The reservoir slopes are very gentle and are grass and
tree covered. No indications of slope instability were observed.

e. Downstream Channel. A large section of the east slope of the stream
channel downstream of the headwall between the dam and the highway bridge has
been eroded away. The cascading concrete outlet apron extending downstream of
the headwall was in good condition. The concrete and brick-lined west channel slope
was severely damaged but had not allowed the occurrence of significant erosion.

-5 -



SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures

No formal operating procedures have been established for Lake Como Dam.

4.2 Maintenance of Dam

The grass on the embankment is cut on a regular basis during the growing
season.

4.3 Maintenance of Operating Facilities

The operators for the low-level outlets are maintained in a serviceable
condition.

4.4 Description of Any Warning System in Effect

No formal warning system exists for this site.

4.5 Evaluation of Operational Adequacy

A periodic inspection and maintenance program should be implemented and a
formal warning system should be established.

6-



SECTION 5

HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features

a. Design Data. No hydrologic or hydraulic data was available for review.
Lake Como has a drainage area of 6.8 square miles. The spillway at Lake Como
Darn has an estimated discharge capacity of 184 cfs.

For further information, refer to the calculations and computer printout
included in Appendix C of this report.

b. Experience Data. No rainfall or reservoir level records are maintained
at this site. The locally heavy rains which caused the overtopping of Lake Como
Dam on July 29, 1980, were measured by the U.S. Weather Service to be in excess of
5 inches with 4 inches falling between 5:00 and 6:00 a.m. According to local
newspapers, floodwaters overtopped the dam by as much as 4 feet and the total
precipitation was reported as 7 inches. A letter dated August 15, 1980, from the
Delaware Geological Survey to the Delaware Department of Transportation stated
that preliminary calculations performed by the United States Geological Survey
indicate a peak discharge of 1,250 cubic feet per second (cfs) in Mill Creek upstream
of Lake Como. The peak flow downstream of the dam was computed to be about
2,520 cfs (a copy of the letter is included in Appendix E). Inspection of the dam
after the overtopping indicated that the high water marks were about two feet
above the dam crest. The embankment also collapsed in 1940 and was overtopped in
1913 according to town officials. Unverified accounts indicate that the dam has
been overtopped on several occasions since its 1941 reconstruction. Further details
concerning these events are unavailable.

c. Visual Observations. On the date of inspection the reservoir pool was
about 15 inches below the spillway crest. The low level outlets were partially open
allowing about 2 cfs to discharge into Mill Creek.

d. Overtopping Potential. The recommended Spillway Design Flood (SDF)
range for a "Small" size, "Significant" hazard dam is from the 100-year flood to one-
half of the Probable Maximum Flood (PMF). Since disruption of a major highway, a
sewage treatment plant and pumping station caused by a dam failure would have a
significant effect upon the community, the selected SOF is one-half of the PMF.
The SDF was synthesized from one-half of the Probable Maximum Precipitation
(PMP) using the SCS unit hydrograph for Lake Como. The inflow hydrograph was
routed through Lake Como with the initial water surface elevation at the spillway
crest. The peak inflow and outflow rates for the SDF were computed to be 6620 cfs
and 6568 cfs, respectively. The spillway is capable of discharging approximately 8
percent of the SDF prior to overtopping of the embankment (refer to Appendix C for
computations and the computer printout).

e. Spillway Adequacy. The Lake Como Dam spillway is incapable of passing
one-half of the PMF and the dam is classified as a "Significant" hazard structure.
Therefore, the Lake Como Darn spillway is classified as "Inadequate".

-7-



The two gated 36-inch diameter low-level conduits are capable of draining the
normal pool storage capacity to Elevation 6.2 within about 15 hours.

-8 -
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SEC I ION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. It is evident from the overtopping and partial
failure of the embankment on July 29, 1980, that Lake Corno Dam cannot withstand
significant overtopping for an extended period of time. Leakage or rupture of the
water inain if left within the embankirent could cause piping of sand and fine-
grained soil from the dam. The unprotected upstream slope exposes the dam to
erosion by wave action. The trees and utility poles in the embankment present
potential hazards to the structural integrity of the dam. The root systems of the
trees create seepage paths through the embankment. Dislodging of the trees or
utility poles during severe wind conditions could remove portions of the embank-
ment.

b. Desgn and Construction Data. No construction data is available. The
design data is limited to two drawings prepared for reconstruction of the dam in
1941.

c. .p erating Records. No operating records are maintained at this site.

d. Post Construction Changes. There are no records of post construction
changes. Representatives of the Delaware Department of Natural Resources and
Environmental Control, the Army Corps of Engineers and O'Brien & Gere inspected
Lake Coino Dam following the July 29, 1980 overtopping, and the following
"immediate remedial actions" were recommended (copy of the teletype letter from
the Corps of Engineers to DE Governor [DuPont is included on pages 8 and 9 of
Appendix F):

1. Gas lines and water lines should be removed from the embankment and
relocated.

2. A professional engineer, experienced in the design and construction of
darns, should be engaged to design an adequate spillway and embankment
section for the dam.

3. Borings should be taken through the embankment and foundation to
determine soil types, in-place densities and other soil properties.

4. A detailud topographic survey r f ttmu embankment from the upstream
slope to the Highway 13 bridge should be made.

5. The reservoir should be maintained 3 feet below the crest of the spillway
pipe risers until permanent repairs have been made.

6. The embankment should be inspected periodically by an experienced
engineer for signs of seepage or additional sloughing until permanent
repairs are made.

9-



7. Until permanent repairs are completed, continuous monitoring of the
lakelevls houl bemad duing erids f hevy ainallso that

e. Seismic Stability. Lake Como Dam is it) a state of partial failure and its
stability under static loading conditions is uncertain. Therefore, an accurate
assessment of Lake Coma Dam for earthquake loading conditions is not possible.



SLCTION 7

ASSESSMENT, RECOMMENDATIONS, AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety. The visual observations and review of available information
indicate that Lake Como Dam is in poor condition. The deficiencies and problem
areas noted in Sections 3.1B, 3.1c, 5.1b, 5.1e, and 6.1a indicate an inadequate
original design.

The selected SDF for this structure is one-half of the PMF. The spillway
is capable of discharging approximately 8 percent of the SDF prior to overtopping of
the embankment. The dam is classified as a "Significant" hazard structure since
failure would cause appreciable property damage. The spillway is classified as
"Inadequate", and the dam is classified as "Unsafe, non-emergency".

b. Adequacy of Information. The information provided by the Town of Smyrna,
conversations with town officials and observations made during the field investiga-
tions provided adequate data for a Phase 1 evaluation.

c. Urgency. The recommendations and remedial measures described in
Section 7.2 should be initiated immediately.

d. Necessity for Further Evaluation. Further investigations should be
performed in accordance with Section 7.2, Item 1.

7.2 Recommendations and Proposed Remedial Measures

a. Facilities

1. Ownership of and maintenance responsibility for the dam should be
clarified.

A registered professional engineer experienced in the design and construction
of dams should be engaged to:

1. Perform detailed hydrologic and hydraulic analyses to determine what
measures are required to provide adequate spillway discharge capacity
and/or to protect the embankment from overtopping.

2. Design and supervise construction of repairs to the existing embank-
ment section.

3. Design and supervise the construction of erosion protection for the
upstream and downstream slopes of the dam and outlet channel.

4. Provide guidance to the Owner for removal of the trees and utility
poles from the embankment and the backfilling of voids with suitable,
thoroughly compacted material.

- 11 -



5. Provide guidance to the Owner for removal of the water and gas lines

from the dam and their relocation.

b. Operation and Maintenance Procedures.

I. The Owner should maintain the reservoir elevation 3 feet below the
spillway crest until permanent repairs are completed.

2. Continuous monitoring of reservoir levels during periods of heavy
precipitation should be undertaken until permanent repairs are
completed.

3. The Owner should employ a professional engineer experienced in
operation and maintenance of dams to develop written operating
procedures and a periodic maintenance plan to insure the safety of the
reconstructed facilities.

4. An emergency action plan should be developed which outlines actions
to be taken by the Owner to minimize the downstream effects of an
emergency.

- 12 -



APPENDIX

A

Check List Engineering Data
Design, Construction, Operation

Phase I
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NAPEN Trip Report of Phase I Tnspctinn of Lake Como Dam

and meeting with Delaware D.O.T.

10 Files FROM Chief Cen. Des. Sec. DAIE 18 August 1980 CMlI

MULVENNA/ja/4 756

1. The undersigned and Brian Mulvenna, General Design Section, travelled to Smyrna,

Delaware on 12 August 1980 to meet with representatives of the Delaware Department of

Natural Resources, the Delaware Department of Transportntion and the City of Smyrna

and conduct a Phase I inspection of the Lake Como Dam which was overtopped on 28 July
1980. This inspection was requested by the State in a letter

2. Following is a list of those present during the inspection of Lake Como Dam:

NAME REPRESENTING

Brian Heverin USAGE
Brian Mulvenna USACE
Lee Deheer O'Brien & Cere
Jay Williams O'Brien & Gere

Krishna Patel DDNR & EC

Darwin Kates Del. D.O.T.
Gary Homewoo)cs Del. D.O.T.

Jim Moore Del. D.O.T.
Paul Martin Del. D.O.T.
James W. Simpson Del. D.O.T.

Charles Bostick Del. D.O.T.
Tomnas N. Jarman Town of Smyrna

Harry M. Odren Town of Smyrna
Skip Rebar Councilman - Smyrna
Dean Phillips Asst. Mgr. Smyrna

r3. po completion of.T i ipe. . o-,dA. , ". " nsued with
officials _-t -T of Smyrna and the Delaware Department of Transportation

regar-ting possible /ourses of action for repair of the dam and any recommendations the

Corps may have regg -ding what repairs should be undertaken. The State and City

officials also as ld if the Corps could fund the repairs and a negative reply was
fu rn i :hed.

4. It was als reported to the state and local officials that the Corps' consultant,
O'Brien & Germ, would develop some interim technical recommendations for repair once
thley have reyiewed the existing data on the dam and conducted some preliminary

hydrologica 1 calculations. These recommendations are expected to be ready

approximat gy one week from the inspection date.
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Visual Inspection

Phase I
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APPENDIX D

SELECTED PHOTOGRAPHS OF THE SITE

LOCATION PLAN Page No.

Site Plan Sketch A

PHOTOGRAPHS Page No.

1. Upstream overview looking towards right abutment. 1
2. View of multiple drop inlet spillway, access bridge 1

and operators for low-level outlet.
3. View showing the zone of failure at the right 2

abutment which was prevented from breaching by sandbagging.
4. View showing failure zone looking towards left abutment. 2
5. View exhibiting undermining of restaurant downstream of 3

the right abutment.
6. View of failure zone looking towards right abutment. 3
7. View exhibiting contact between embankment fill on left 4

and natural abutment material on right.
8. Operator for low-level outlet. 4

....... . ... ...*



1. UPSTREAM OVERVIEW LOOKING TOWARDS RIGHT ABUTMENT.
(8/12/80)

2. VIEW OF MULTIPLE DROP INLET SPILLWAY, ACCESS BRIDGE
AND OPERATORS FOR LOW-LEVEL OUTLET.

(8/12/80)

D-1

I.



3. VIEW SHOWING THE ZONE OF FAILURE AT THE RIGHT ABUT-MENT WHICH WAS PREVENTED FROM BREACHING BY SAND-
BAGGING.

(8/12/80)

4. VIEW SHOWING FAILURE ZONE LOOKING TOWARDS LEFT
ABUTMENT. NOTE THE RUPTURED 6" WATER AND 4" GAS LINES.

(8/12/80)

D-2



5. VIEW EXHIBITING UNDERMINING OF RESTAURANT DOWN-STREAM OF THE RIGHT ABUTMENT. AUTO IN LEFT BACKGROUND
IS TRAVELING UPON U.S. ROUTE 13.

(8/12/80)

OILm i

6. VIEW OF FAILURE ZONE LOOKING TOWARDS RIGHT ABUT-MENT. AREA OF OVERTOPPING EXTENDED ABOUT 500 FEET TOCEMETARY IN BACKGOUND.
(8/12/80)

D-3

------------- -..---



7. VIEW EXHIBITING CONTACT BETWEEN EMBANKMENT FILL ON
LEFT AND NATURAL ABUTMENT MATERIAL ON RIGHT.

(8/12/80)

8. OPERATOR FOR
LOW-LEVEL OUTLET.

(8/12/80)

D-4



APPENDIX

E

Drawings



- -O'RIEN 6 GERE

Uw;~E Como .bAM IS11[OW

_______~~~~~P PPcD E________

____ ____ ___ AB~i OF QA/ZE/V ~ ~ e__ ___

_ _ _~ ~~~~ ------ --A / G _ _ _ _ _ _



/0 k

ii 0

LAKE COODM

8- Inse il

SCAE :200



Ll,/'

Corno

-)

K -

u.5. ,3oulh6 131

/A-- A



13 /V19

-m )LL? US ARM CO P F-~i,,-

PHIACEPHs SrcT - j

LAE COO A
SIEPA

%UGINGR liiOS I90
I s.~6;z



/AKE

-ee-

13~

CIS,

VN£

U-5.14?(17Z 13/VS

Z;-, k -;4..



.;- - --- 

- - --

I2D

- - piAdyOut/el //1Y0i 5 'o// 1 1

u, - v

* i

IG

s5AL.V D
- ~ ~ ~ ~ ~ Cm -DAM5.--5 ~')'

*/ / Tf IDA

/, I 6

( . 5)SHEET, 3

~LL ZAKE CcMEMO"A



-S..-S--top,~

-,Comoj~,C 

-

J14a, 
-i 

R fqA 
, w i ,,'# S101r 

b-S

PROPJ, IpLE fPILLWAY ot om4

No. (
iN ,DEL A ktSSJ~hi'



jr.

-. A

.t . .

• !?. _

Al'

,...J' "

\ 1 \ 1- '
I ai .J

~ - - 0' N ' ., ,

. .. .. . '4./,,/ .

N A_.

*#

SHEET



YO A VO AEAD

4.0'

\ II

Iw ,

111 FE 7- AIZ

Arc.e5 .oy pi.

It- >Pi'7 j1



PROP.1INLET' SPILLWAY.-
-~LAK,-CQOMO-

PkCdECr- TOWIN COMMIsONEReS

JH5LT HO.Q

/laf D ro,' Por0 o~. -// ~

%~~~ 4'~pI1 C.Al -/7f4.

.. JdI~SHEE T 5~g



*~ *1. 4. 7

-'37*. C.1

*j 1.

I--



I...A

rr PL)7

---4 -

-- ELAE iI II

-~, - 41-- -

-If NO.'

* VOPI.L/CTWA LP/LL WAY
ftv/YNAH, DIAWA? fEE.

PIOL.'ECT To-N COMAI'e~kss,Nexe

Jdiv~Tr Plo. )

SHEET



-F4

.h~rl .. ,.

- Pr~OF..A' r rp__

,lot

It*

- - -~ ~ &ib41 ~nM

7--)~oR,,e~rWOO

i-ow,9 oeGmw.
4-p /RE~



so.7.0,

LAE' COMOo

* , ,, %.mq V*b1or/)d/&v

f&0lTkr fyfC4 oROP Ih/L0CT fRIL WAYA

PRd.T TfW CVAM TINER

PL~~Y~eOUSHEE 7IER, /A Or'



.4AIL&'At' SLV 'ICE CE NTER L L L

u-o0500oS232002 08/19/bO ICS IPMMTZZ CSP PHAB
I 215597475b MGM TDMT PHILADELPHIA PA 08-19 035P EST

ARMY CORP OF ENGINEERS J MEEHAN RMD ATTN B
HEVERIN
CUSTO HUUSE 2 AND CHESTNUT ST
PHILADELPHIA PA 1916O

THIS IPAILGRAM IS A CON FIRMATION COPY OF THE FOLLOWING MESSAGEI

2155974756 TDMT PHILADELPHIA PA 468 08-19 0355P EST
PMS R D bEKICK JR DIRECTOR DIV HIGHWAYS RPT DLY MGM# DLR
DEPT OF TRANSPORTATION OFFICE OF ADMINISTRATION
DOVER DE q9901
SUHJFCT LAOE COM SMYRNA DELAWARE

AT THE REQUEST OF MR KIRSHNA PATEL OF THE DIVISION OF SOIL AND WATER
CONSERVATION DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL
CONTROL WEPRESENTATIVES OF THIS OFFICE CONDUCTED A PHASE I INSPECTION
OF LAKE COMU DAM IN SMYRNA ON 12 AUGUST 1980 THIS INSPECTION WAS
REQUESTELO bECAUSE OF THE DAMS CONDITION AS A RESULT OF THE

OVERTOPPING WHICH OCCURRED ON 29 JULY J980 IN RESPONSE TO MR PATELIS
REQUEST OE ARE HEREBY TRANSMITTING PRELIMINARY ENTRANT
RECOMMENDATIONS FOR IMMEDIATE REMEDIAL ACTIONS THAT SHOULD BE
UNDEPTAKEN AT LAKE COMO DAM UNTIL PERMANENT REPAIRS ARE COPPLETED A

FOREMAN PHASE I INSPECTION REPORT AILL BE ISSUED AT APPROXIMATELY TPO
(2) MONTHS

A, AT TiE CONCLUSION OF THE VISUAL INSPECTION OF THE DAM iE RECOMMEND
T1E LAKE HE LOWERED TovO (2) FEET UNTIL REPAIRS ARE COMPLETED WE ARE
NUK kECLMMENOING THAT IT BE LOWERED AN ADDITIONAL FOOT TO A TOTAL OF

THREE (3) FEET BELO THE CREST OF THE SPILL*AY PIPE RISERS UNTIL
REPAIRS ARE MAD:7 IN ORDER TO INCREASE THE LAKES IMPOUNDING CAPACITY

8. CONTINUOUS MONITORING OF THE LAKE LEVEL SHOULD BE CONDUCTED DURING
PERIODS OF HEAVY PERCIPITATION SO THAT INCREASED IN THE LAKE LEVEL
CAN MINIMIZED

C. THE DAMS OONERS SHOULD DEVELOP AN EMERGENCY ACTION PLAN OUTLINING
ACTIONS TO BE TAKEN BY THE OPERATOR TO MINIMIZE DOWNSTREAM EFFECTS OF
AN EMERGENCY AT THE DAM AND A DOWNSTREAM WARNING SYSTEM FOR THE LAKE
COMO SUESHOP THE ROUTE 13 HIGHWAY THE SEWAGE PUMPING STATION AND
LOCAL EIIERGENCY OFFICIALS

D, THE EMBANKMENT SHOULD BE INSPECTED PERIODICALLY BY AN EXPERIENCED
ENGINEER FOR SIGNS OF SEEPAGE OR ADDITIONAL SLOUGHING UNTIL PERMANENT
REPAIRS ARE MADE

TO REPLY BY MAILGRAM SEE REVERSE SIDE FOR WESTERN UNION'S TOLL - FREE PHONE NUMBERS



PAGE 2

E, USING CORPS OF ENGINEERS SCREANING CRITERIOR THE SPILLWAY IS
CONSIDERED INADEQUATE AS A FLOW EQUIVALENT TO 5 PERCENT OF THE ONE
HALF PMF OR NINE (9) PERCENT OF THE 100 YEAR FLOOD WOULD CAUSE A DAM
TO bE OVERTOPPED THEREFORE THE OWNER SHOULD ENGAGE A QUALIFIED
PkOFEbSIONAL CONSULTANT USING MORE PERCISE METHODS PROCEDURES AND
STUDIES TO DETERMINE THE ACTUAL CAPACITY OF THE SPILLWAY AND ANY

( MITIGATING MEASURES NECESSARY

F, bORINGS SHOULD BE TAKING THROUGH THE EMBANKMENT AND FOUNDATION TO
DLTERMItJE SOIL TYPES IN-PLACE DENSITIES AND OTHER SOIL PROPERTIES

G, A UETAILED TOPOGRAPHIC SURVEY OF THE EMBANKMENT FROM THE UPSTREAM
SLOPE TO THE ROUTE 13 BRIDGE SHOULD BE MADE

H, GAS LINES AND WATER LINES SHOULD BE REMOVED FROM THE EMBANKMENT
AND RELOCATED

I, THE UONERS SHOULD ENGAGE A QUALIFIED PROFESSIONAL CONSULTANT
EXPERIENCED IN THE DESIGN AND CONSTRUCTION OF DAMS TO DESIGN AN
APEGUATE EMBANKMENT SECTION FOR THE DAM

2, REPRESENTATIVES OF THIS OFFICE ARE AVAILABLE TO DISCUSS POSSIBLE
SPILLWAY AND EMBANKMENT REMEDIAL MEASURES AND COST ESTIMATES WITH THE
DIVISION OF SVIL AND WATER CONSERVATION DIVISION OF HIGHWAYS AND THE
CITY uF SMYRNA UNDER OUR TECHNICAL ASSISTANCE CAPABILITIES AT THEIR
CONVENIENCE YOUR COOPERATION IN THIS PATTER IS APPRECIATED

JOEL T CALLAHAN LT COL CORP OF ENGINEERS ACTING DISTRICT ENGINEERS
CUbTOM HOUSE 2 AND CHESTNUT ST
PHILADELPHIA PA 1q106

15:5 EST

IMGMCOMP

S.TO REPLY BY MAILGRAM. SEE RFVERSE SIDE FOR WFSTERN UNION S lOLL FI ,



ADA096 0bb O*BRIEN AND GERE ENGINEERS INC PHILADELPHIlA PA 0 IFG 13/13
NATIONAL DAM SAFETY PROGRAM. LAKE COMO DAM OE 0028). DELAWARE--ETCIU)
Nov So j .1 W ILLIAMS DACW61-80-D 0 013

uNCLASSIFIED DAEN/NAP-53842/DE0038-B/ NL



State of Delaware
DELAWARE GEOLOGICAL SURVEY

UNIVERSITY OF DELAWARE
Newark, Delaware

19711

ROBERT N. JORDAN, STATE GEOLOGIST

1o PENNY HALL

PHONE: 302-736-2033. 2134

August 15, 1980

Mr. J. J. Schuh, Chief of Design
Division of Highways
Department of Transportation
Administration Center
Dover, DE 19901

Dear Jack:

This will confirm our telephone conversation of this
morning in which I passed along to you the flow information
for Mill Creek for the storm of July 29. The data were
provided by the U. S. Geological Survey as part of the
stream gaging program in Delaware. The peak flow below the
dam at Lake Como was calculated at 2,520 cfs. USGS staff
believe this flow may be near, or perhaps exceed, the flow
for the statistical 100-year flood. The flow at the first
bridge north of Lake Como was estimated at 1,250 cfs. The
difference in flow indicates the large amount of rain that
fell within the drainage area of the lake proper, exclusive
of the inflow from Mill Creek. This agrees with the precipi-
tation maps recently worked up by John Talley of this office.

These figures are provisional subject to complete review
by the USGS. However, the staff of the Dover USGS office
feels fairly confident of their accuracy.

We are glad to have been of service and know that you
will appreciate the rapid response of our federal coopera-
tors in supplying the data you needed.

Sincerely,

Kenneth D. WoodUlff
Associate Director

KDW:dcw

cc: Art Hodges, USGS

/0
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SITE GEOLOGY

LAKE COMO DAM

Lake Como Dam is located in the Coastal Plain physiographic province. The
Miocene sediments at the site are primarily bluish gray silts with quartz sand and
shell beds. The Chesapeake Group sands and silts were deposited during marine
submergence of the Delaware Peninsula and attain depths of over 1,000 feet.

. i.:d



- ~,' "I oN-"N

/ ..cxh K c

/ -A

,CHESAPEAAKE GROP-c

ALE 1:2400 o
Ite Hall______Q_




